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(54) Title: LIPID VESICLES CONTAINING ADENO- ASSOCIATED VIRUS REP PROTEIN FOR TRANSGENE INTEGRATION AND 
GENE THERAPY 

(57) Abstract 

A composition for delivering at least one DNA sequence encoding a desired protein or polypeptide (such as a therapeutic agent) 
to a cell. The composition comprises an adeno-associated vims rep protein (or a nucleic acid sequence encoding an adeno-associated 
virus rep protein) and a genetic construct including at least one DNA sequence encoding a protein or polypeptide or genetic transcript 
ofinterest and a promoter controlling the at least one DNA sequence. The genetic construct also includes a first adeno-associated virus 
ITR or portion or derivative thereof and a second adeno-associated virus ITR or a portion or derivative thereof. The first and second 
adencvassociated virus ITRs or portions or derivatives thereof flank the at least one DNA sequence encoding the protein or polypeptide or 
genetic transcript of interest and the promoter controlling the at least one DNA sequence encoding the protein or polypeptide or genetic 
^£7, P of ' ntcrcst : u S 1 uch a composition provides for integration of genetic material at a specific locus in the human chromosome, while 
mmimizmg the possibility of inadvertent motivation of host genes and minimizing the possibility of viral contamination. 
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-a or derivatives thereof as used herein 
The term "fragments or derivat ^ ^ 

mea ns that the rep protexn may be a p 

deletion (s) of amino acid residues ^ ^ ^ 

mav be truncated at the <- temui 
structure, and/o M-Y*^ ^ ^ one or 

the H- terminal, ana/ or may tein structure 

amino acid residues ^'J^^.^ fragments 
are replaced > ot- -« - » ^ _ or all o£ 

or that may possess modified '^^'^^ virus rep 
In one embodiment, the adeno-associated « 

•„ f he Rep 78 protein or a fragment of derivat 
protein is the Rep '» p ad eno-associated vims 

thereof. In another embodiment, the ' deriva tive 
rep protein is the Rep 66 protein or a fragment 

thereo£ ' virus rep protein may be produced 

The adeno -associated virus rep P ial no . 

closed in co-pending application sena 

B v techniques 1 * ein ray be synthesized 

oe/067.236. For ^ A1 ternatively . the rep 
on an auto^ted protein syntheeize 

protein may be produced y g ^ engineering 

«hen the rep protein is pr ^ cellB 

th r e^ess^onTehicie'inciuding a nucieic 
transfected with an s*P res protein. In one 

acid sequence which encodes the r-j . P ^ 
e^diment. the «P-si» vehi= a _ _ 

sequence encoding an adeno-associa se quence 
fragment or derivative ^J-J^. not „ adeno- 
encoding a protein or a pept eJcpr ession of 

associated virus protein or P~£J*£ sequence results 

said first « ^ r incl uding the adeno- 

in expression of . fusion ^ p ^ derivative 

associated virus ~* which is not an adeno- 

thereof . and the protein or pepti ^ ^ . de 

associated ^>J^.~^™ — " « ^ 
which is not an adeno -associ*u 
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be a bacterial protein or peptide, or a histidine "tag" of 6 
to 10 histidine residues. 

In one embodiment, the protein or peptide which is not 
an adeno-associated virus protein or peptide is a bacterial 
protein. The bacterial protein may be the E . coli maltose - 
binding protein, or a fragment or derivative thereof. 
Maltose -binding protein, or MBP, has a high affinity for 
maltose and amylose. Fusion proteins which include MBP and 
rep protein can be isolated from lysates prepared from E. coli 
by adsorption and elution from an amylose affinity column. 
Thus, large quantities of AAV rep proteins can be isolated 
and purified, while such AAV rep proteins retain their 
biological activities . 

In another alternative, the rep protein is provided in 
an appropriates expression vehicle containing a nucleic acid 
sequence (DNA or RNA) encoding the rep protein. The 
expression vehicle may be a plasmid vector including the 
nucleic acid sequence encoding the rep protein. 

The genetic construct, which includes a DNA sequence 
encoding a protein or polypeptide or genetic transcript of 
interest, a promoter controlling the DNA sequence encoding a 
protein or polypeptide or genetic transcript of interest, and 
AAV ITRs or portions thereof which flank the DNA sequence and 
the promoter, is constructed such that the orientation of the 
AAV ITRs and the promoter is such that only the DNA sequence 
encoding the protein or polypeptide or genetic construct of 
interest, and not any host genes, will be transcribed. 

The AAV ITRs which flank the promoter and the DNA 
sequence controlled by the promoter may be the complete ITR 
sequences or portions of the ITR sequences, which provide 
sufficient AAV ITR sequence to facilitate targeted 
integration by rep protein. In one embodiment, the genetic 
construct includes at least the double -stranded 
oligonucleotides containing the AAV ITR A/A' and D'/D 
regions, which are sufficient for the rep functions believed 
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to be needed for integration; non-covalent binding, 
endonuclease action, covalent binding, helicase action, and 
recruitment of host cell enzymes including DNA polymerases. 
An essential feature in the A/A' region that facilitates non- 
covalent binding is the imperfect [GCTC], repeat, and 
oligonucleotides can be constructed with alterations xn thxs 
imperfect repeat sequence or in adjacent sequences that will 
effect non-covalent binding and/or nicking and covalent 
binding. Alterations also may include modifications to the 

ITR hairpin sequences. 

The genetic construct may be part of a plasmid, a 
fragment excised from a plasmid, a large synthetic 
oligonucleotide, or a »no-end« AAV DNA (i.e., a continuous 
strand of DNA joined at each end by the AAV ITRs, resulting 
in a continuous double -stranded DNA molecule) . 

in one embodiment, the DNA sequence which encodes a 
protein or polypeptide of interest encodes a therapeutxc 
agent The term -therapeutic" is used in a generic sense and 
includes treating agents, prophylactic agents, and 

replacement agents. 

DNA sequences encoding therapeutic agents which may be 
placed into the genetic construct include, but are not 
limited to, DNA sequences encoding tumor necrosis factor 
(TNP) genes, such as TNF-a, interferons, such as Interferon- 
a interferon-p, and Interferon-?; genes encodxng 
interleukins such as IL-1, IL-l-B, and Interleukins 2 through 
14- gene encoding GM-CSF; genes encoding adenosine deamxnase 
or ' ADA ; genes encoding cellular growth factors or cytokines 
such as epithelial growth factor (EGF) , keratinocyte growth 
factor (KGF) , and lymphokines, which are growth factors for 
•lymphocytes; gene encoding soluble CD4; Factor VII; Factor 
IX-Vcell receptors; the LDL receptor, ApoB, ApoC, ApoAI 
and other genes involved in cholesterol transport and 
me tabolism; the alpha-l antitrypsin (alAT) ^ 
ornithine transcarbamylase gene, the CFTR gene, the insulxn 
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gene, negative selective markers or "suicide" genes, such as 
viral thymidine kinase genes, such as the Herpes Simplex 
Virus thymidine kinase gene, the cytomegalovirus thymidine 
kinase gene, and the varicella -zoster virus thymidine kinase 
gene; superoxide dismutase genes, such as Cu-SOD, Mn-SOD, and 
Zn-SOD; Fc receptors for antigen -binding domains of 
antibodies, and antisense sequences which inhibit viral 
replication, such as antisense sequences which inhibit 
replication of hepatitis B or hepatitis non-A non-B virus. 
Additional therapeutic agents include genetic transcripts 
such as a messenger RNA, antisense RNA, or ribozymes . It is 
to be understood, however, that the scope of the present 
invention is not intended to be limited to the specific 
therapeutic agents described hereinabove . 

The DNA sequence encoding the therapeutic agent may be 
the native nucleic acid sequence which encodes the 
therapeutic agent or a fragment or derivative of the native 
nucleic acid sequence which encodes a fragment or derivative 
of the therapeutic agent, which retains the same biological 
activity of the unmodified therapeutic agent, or an allelic 
variant thereof. The term "allelic variant" as used herein 
means that the allelic variant is an alternative form of the 
native nucleic acid sequence which may have a substitution, 
deletion, or addition of one or more nucleotides, which does 
not alter substantially the function of the encoded 
therapeutic agent . The DNA sequence may encode the full 
length therapeutic agent or may encode a fragment or 
derivative of the therapeutic agent, and the DNA sequence may 
further include a leader sequence or portion thereof, a 
secretory signal or portion thereof of the gene encoding the 
therapeutic agent, and/or may further include a trailer 
sequence or portion thereof of the gene encoding the 
therapeutic agent. 

The DNA sequence encoding the therapeutic agent is under 
the control of a suitable promoter. Suitable promoters which 

* ■ 
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.ay be employed Include, but are not limited to, adenoviral 
promoters, such as the adenoviral major late 
. heterologous promoters , such as the cytomegalovirus KW. 
promoter; the Rous Sarcoma virus IRSVI promoter; inducible 
promoters, such as the MWV promoter, the metallothionein 
promoter, heat shock promoters; the albumin promoter; end the 
ApoA! promoter. Alternatively, the gene M y be unde* the 

control of its own native promoter. It is to be understood^ 
however, that the scope of the present invention is not to 
limited to any specific promoters. 

The rep protein or DNA encoding the AAV rep protein and 
the genetic construct may be administered to a host in vivs> 
or to eukaryotic cells in viirs. In one embodiment, the rep 
protein is complexed with the genetic construct and the 
co^lex of the rep protein and the genetic construct is 
deduced into eukaryotic cells in vitro via electroporation 
or an encapsulating medium such as a liposome or an 
adenovirus capsid. In another embodiment, the AAV rep 
protein (or an expression vehicle including a nuc lei ; acid 
sequence encoding AAV rep protein, and the genetic construct 
encapsulated within a liposome and administered in vivo 
to a patient, whereby the rep protein facilitates i"«9»tion 
of the genetic construct into a human chromosome at a defined 
chromoso^l locus, Chromosome 1*. 13.4-qter. The rep protein 
or expression vehicle including a nucleic acid sequence 
encoding rep protein, and the genetic construct ^may be 



encapsulated within the liposome or adenovirus 
J known to those skilled in the art The use of a 
defined chromosome target minimizes the likelihood of 
inadvertent inactivation of any host genes. 

in one embodiment, the composition further includes a 
ligand which binds to a desired cell type, tissue ««■■»• 
or a ligand which is non-tissue specific. Examples of 
Lands Lclude. but are not limited to. adenovirus pentons, 
£i L trimers, or inactivated adenovirions ; fusogemc 
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proteins derived from Sendai virus, Semliki forest virus, and 
influenza fusogenic peptides; asialoglycoprotein, which binds 
to the asialoglycoprotein receptor of liver cells; membrane 
bound cytokines; tumor necrosis factors (or TNF's) such as, 
for example, TNF-alpha and TNF-beta; transferrin, which binds 
to receptors on liver cells; Interleukin-2 which binds to 
receptors on activated T-cell6, and neural tissue cells; 
ApoB, which binds to the LDL receptor of liver cells; alpha- 
2-macroglobulin, which binds to the LRP receptor of liver 
cells; alpha-1 acid glycoprotein, which binds to the 
asialoglycoprotein receptor of liver; mannose -containing 
peptides, which bind to the mannose receptor of macrophages; 
sialyl-Lewis-X antigen -containing peptides, which bind to the 
ELAM-1 receptor of activated endothelial cells; CD34 ligand, 
which binds to the CD34 receptor of hematopoietic progenitor 
cells; CD40 ligand, which binds to the CD40 receptor of B- 
lymphocy tes ; ICAM-1, which binds to the LFA-1 (CDllb/CD18) 
receptor of lymphocytes , or to the Mac-1 (CDlla/CDi8) 
receptor of macrophages; M-CSF, which binds to the c-fms 
receptor of spleen and bone marrow macrophages; 
circumsporozoite protein, which binds to hepatic Plasmodium 
falciparum receptor of liver cells,- VLA-4, which binds to the 
VCAM-1 receptor of activated endothelial cells; LFA-1, which 
binds to the ICAM-1 receptor of activated endothelial cells; 
NGF, which binds to the NGF receptor of neural cells; HIV 
gpl20 and Class II MHC antigen, which bind to the CD4 
receptor of T-helper cells; the LDL receptor binding region 
of the apolipoprotein E (ApoE) molecule; colony stimulating 
factor, or CSF, which binds to the CSF receptor; insulin- like 
growth factors, such as IGF-I and IGF-II, which bind to the 
IGF- I and IGF-II receptors, respectively; Interleukins 1 
through 14, which bind to the Interleukin l through 14 
receptors, respectively; and the Fc antigen- binding domain 
of an immunoglobulin. The ligand may be conjugated to the 
rep protein or conjugated to a complex of rep protein and the 
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genetic construct or, when a liposome is employed to deliver 
the rep protein and genetic construct, the ligand may be 
anchored in the phospholipid bilayer of the liposome. 

The DNA sequence encoding the therapeutic agent is 
administered in an amount effective to produce a therapeutic 
effect in a host. The host may be an animal host, and in 
particular a mammalian host. The mammalian host may be a 
human or non-human primate. The exact dosage of DNA to be 
administered is dependent upon various factors, including the 
age, weight, and sex of the patient, the type of genetic 
construct employed, the nature of the disorder to be treated, 
the type of AAV rep protein employed, the formulation of the 
lipid vesicle employed to deliver the DNA, and the type of 
cells to be transfected with the DNA. 

in another embodiment, the composition of the present 
invention may be employed in an animal model, wherein the 
composition of the present invention is administered to an 
animal in vivo. The animal is then evaluated for expression 
of the therapeutic agent in vivo in order to determine the 
effectiveness of a, possible gene therapy treatment in a human 

patient . . 

Alternatively, the condition of the present invention, 

«hich includes a DNA sequence encoding J>___e roC ^ « 



polypeptide or genetic transcript oe i 
administered to euKaryotic cells, such as human cells in 
vi tro, whereby the cell, are transfected with the genetic 
construct including the DMA sequence encoding the protein or 
polypeptide or genetic transcript of interest . In such an 
IboLent . the genetic construct may be administered in an 
amount of from about 0 . 75 M to about 1 . 5 W of DHA per 5x10 
cells, preferably at about 1.25 pg of DHA per 5x10 cells. 
The euKaryotic cells then may be administered to a host as 
part of a gene therapy procedure, whereby such euKaryotic 
cells express the protein or polypeptide or genetic 
transcript of interest in a host. 
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In another alternative, the composition of the present 
invention may be employed to transfect eukaryotic cells in 
vitro, whereby such transfected eukaryotic cells are cultured 
in order to produce a desired protein or polypeptide of 
interest in vitro, 

EXAMPLES 

The invention now will be described with respect to the 
following examples; however, the scope of the present 
invention is not intended to be limited thereby. 

A^ Construction of p AAVRnLacZ. 

Plasmid AAVpSneo (Flotte, et al., Am. J. Resyir. — Cell 
Mol. Biol. . Vol. 7, pgs. 349-356 (1992)) (Figure 1) was cut 
with Hindlll and Kpnl to remove the neo R gene, and the 
KpnI/BamHI fragment f rom pSV-0galactosidase (Promega) (Figure 
2) was blunted and cloned into the blunted sites of the 
plasmid to form plasmid TRF169. (Figure 3) . . 

A second plasmid which provided the RSV-LTR promoter and 
nuclear targeting sequence for the lacZ gene was constructed 
as follows. The Bglll/Xbal fragment containing the nlacZ 
gene from plasmid LZ11 (Galileo, et al . , Proc. Natl. Acad. 
Sci. . Vol. 87, pgs. 458-462 (1990)) (Figure 4) was cloned 
into the blunted Smal and BaraHI sites of pSP72 (Promega) 
(Figure 5) to form pSP72nLacZ (Figure 6) . From pSP72nlacZ, 
the Bglll/BamHI fragment containing the nlaqZ gene was 
removed and cloned into the BamHI site of adRSV4 (Figure 7) 
which was obtained from Dr. Beverly Davidson of the 
University of Michigan. The resulting plasmid is referred to 
as pAdRSVnLacZ (Figure 8) . 

pAAVrnLacZ (Figure 9, ATCC No. 69492) was produced by 
inserting the Sspl/Dralll fragment from pAdRSVnLacZ which 
contained the RSV-LTR promoter, nuclear targeting signal 
linked to the lacZ gene into the Pmll/Dralll site of TRF169. 
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r1rn .- q ~f MRP-Ren f.M and HBP-Rep 78 
The open reading frames of rep proteins Rep 68 and Rep 
78 were generated by PCR amplif ication. A common 5' primer 
corresponding to nucleotides 327-346 of adeno-assocrated 
viru s (codons 3-9 of Rep 68 and the Rep 78 open read ng 
frame, was synthesized and used for both Rep 66 and Rep 1*. 
Tnitiallv Rep 66 was amplified using a !■ primer 
" nding to a reverse complement of AAV nucleotides 

029-2048 <codons 570-576, . PCR amplif ioation was performed 
using cloned Pfu polymerase (Stratagene, with buffer . The 
PCR product was digested with HindHI, which cleaves AAV a 
, 1882 and ligated into plasmid pPR997 (Figure 10, 

Tn^H Thus, a SSS—&& 9- - inserted **»£».7» 
which 16 codons at the 3- terminus were deleted, thus 
resulting in the formation of a modified Rep 68 protein 
ome mes hereinafter referred to as Rep 68a. in wbic the 

»o^q at the C-terminal have been deleted, 
last 16 amino acids at tne v, 

„ i * „ al R a( »ne in which nucleotides 2- 
PPR997 includes an ft roll m alB gene, in wn 

. * .v,o n«lK aene were deleted, controlled by the E^coli 
26 of the malB gene ^ 



26 of tne raaic y="= — 

L promoter which includes an operator site for the lacl 
pressor PPR997 also includes a polylinfcer or multiple 
represBot. ^„ hhp ooen 



ci:ntng 0 site P ^. cloning strategy resulted in the open 

reading f ra«e of the ^ nj- ^™ h^ 

malE open reading frame of pPR997 at tne a « ht , ted 
The 3' terminus of the ESE-sl 9ene is a frame-shifted 
fusion between the AAV EsP^s open reading frame and the 

in an additional 50 residues at the 
laszs gene, resulting in an 68A 
^xy-terminus. The resulting plasmid is pMBP Rep 

'"TJLtant MBP-Rep 68. with a mutation in the putative 
nucleoside triphosphate ( HTP, -binding site 
substitution of a BamHI - Hindi 1 1 fragment from the pHIV rep 
NTP plasmid with a lysine-to-histidine mutation in codon 
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(K340H) (Owens, et al . , VirolocfY, Vol. 184. pgs . 14-22 
(1991); Owens, et al., J. Virql.. Vol. 67, pgs. 997-1005 
(1993)) to form pMBP-Rep 68ANTP. (Figure 12) . MBP-Rep 68A- 
NTP retains the DNA binding function of MBP-Rep 68A; however, 
other biochemical properties, such as helicase activity, are 
ablated. 

pMBP-Rep 78 was generated by amplifying AAV nucleotides 
1872-2239. This sequence includes an overlapping region of 
Rep 68 and Rep 78 and the 3' terminus of Rep 78 . The 5' 
primer corresponds to AAV nucleotides 1872-1894 and the 3' 
primer corresponds to the reverse complement of AAV 
nucleotides 2215-2239, and also incorporates Hindlll and Xbal 
sites. The PCR product was digested with Hindlll and ligated 
into Hindlll digested pMBP- Rep 68A. The resulting plasmid is 

pMBP-Rep 78. (Figure 13) 

The MBP-Rep 78 protein is an in-frame fusion protein 
between the malB open reading frame and the adeno-associated 
virus open reading frame beginning at codon 3 of the Rep 78 
gene. The 3 '-terminus utilizes the naturally occurring stop 
codon of the rep gene, and therefore there are no non- viral 
carboxy terminus residues. 

(71 ) Protein Expression 

B.coli organisms were transfected with pMBP-Rep 68A NTP 
or pMBP-Rep 78 according to standard techniques. The DNA 
encoding MBP-Rep 68A NTP or MBP-Rep 78 is under the control 
of the B.coli tac promoter which is repressed by the lacl 
repressor gene product. Addition of IPTG prevents binding of 
the las repressor to the tas promoter, thereby enabling high 
levels of expression of MBP-Rep 68A NTP or MBP Rep 78 . 
Recombinants that were positive for the correct insert and 
orientation were screened for expression of fusion protein. 
The bacterial clones that produced a protein of the predicted 
molecular weight were grown on a larger scale. 

One liter cultures of bacteria transformed with pMBP-Rep 
6BA NTP or pMBP-Rep 78 were obtained. A bacterial pellet was 
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obtained from each culture by centrif ugation, and each 
bacterial pellet was resuspended in 0.05 vol. of column 
buffer (200mM Nad. 20mM Tris-Cl ( P H 7.4), ImM EDTA, and imM 
dit hiothreitol) . The bacteria were lysed by sonicatxon by 
four 30 second pulses. The suspension was cleared by 
centrif ugation at 9,000xg for 20 min. at 4«C. 

The supernatant was loaded onto a column packed wxth 
amylose-Sepharose resin equilibrated in column buffer. The 
column then was washed with 10 column volumes of column 
buffer The proteins then were eluted with lx column buffer 
containing 10mM maltose. Approximately 1 ml fractions were 
collected and 2 ,1 aliquots were analyzed by SDB- 
polyacrylamide gel electrophoresis on an 8 SDB- 
polyac^ylamide gel. The overall yield of MBP - Rep 6* «P o 
Lp Rep 78 from a one-liter culture was from 4 to 12 mg of 

^° te '!; r .^^ of lioos nm nn rosinin g AAV rep protein an d 
pAAVRnLacZ . 

Liposomes were made by mixing 3 M 1 of lipid in 25 H of 
optimem (Gibco) with 25 ,1 of an Optimem solution -^ainxng 
Ze plasmid pAAVRnLacZ at a concentration of 0.05 ^ 
(yielding 1.25 ,g DNA) . The Optimem solution -"taxing the 
plasmid was preincubated for * hour at 37-C wxth exther U 
L-Rep 78 in amounts of 0.98 0.42 „g, 0.26 „g, 019 
aa- (ii) MBP-LacZ in amounts of 1.5 M 9. 0.15 M9. or 0.015 M 9, 
or' (iii) MBP -Rep 68 Delta NTP in amounts of 1.5 M . 0.15 us, 
or 0.015 M9- . aa v reo 

^ Bfsciiaa of Ussasms .timming aav rep 

■T-or ? in and p&AVRnLacZ . 

One-half hour after the solutions were mixed to form 
Upoeo.ee. the solution containin g the liposome, was, .ddedto 
human hepatoma derived. Hep 0-2 cell, that had been washed 
numan nepai-u minimal volume of Optimem. 

with PBS and then covered with a minimal volum £ 
The liposomes were added in an amount such that 12 M of 
lotal plasmid DMA was added per 5x10' cells . Prior to contact 
of L cells with the Uposomes. the cells had heen 9 rown in 
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DMKM with 10% fetal calf serum and 2mM glutaniine. The cells 
were grown in an incubator having a 5% C0 2 atmosphere, and at 
37°C. 

Eighteen hours after the liposomes were added to the 
cells, serum containing medium was added. Thirty -three hours 
after liposome addition, the cells were washed with PBS, 
trypsinized and serum- containing medium was added to stop the 
trypsin action, and the cells were transported on ice for 

cell cytometry. 

To determine the optimal ratio between rep protein and 
a 5 'labeled AAV ITR, experiments had been conducted using a 
covalent linkage assay. The assay is dependent on three rep 
protein functions (non-covalent binding, endonuclease 

activity, and covalent binding). (Itn, et al . , iJ. Virpl . , 

Vol. 63, pgs. 3095-3114 (1989); Chiorini, et al., J . Virpl . , 
Vol. 68, pgs. 7448-7457 (1994)). Maximal covalent bond 
formation occurred when the MBP Rep 78/ITR molar ratio was 

9:1. 

Using this information, cytometry was conducted at 36 
hours post-transfection. Cells were counted and viability 
was determined by trypan blue and propidium iodide staining. 
Greater than 95% of the cells were viable, which demonstrated 
that liposomes containing rep protein were not toxic. Cells 
expressing lacZ were detected by the use of the fluorescent 
B-galactosidase substrate fluorescein di-Beta 
galactopyranoside (FDG) and sorted into positive ( + ) and 
negative (-) populations. Non-viable cells were excluded 
from all % ( + ) determinations and sorting. Cytometry also 
was done to verify the purity of the sorted populations. 
This showed the sorted populations to be greater than 99% 
pure . 

The percentage of positive cells (i.e., cells which 
expressed the lacZ gene) for Hep G-2 cells treated with MBP- 
Rep 78 is given in Table I below. 

Table I 
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MftP-Rep78/l . 25 



>lasmid DNA/SxlO 5 cells 



f / g Rep 78 



0.98 
0.42 
0.26 
0.16 
0 



picomoles 
Rep 78 

8.5 

3.6 

2.3 

1.7 

0 



moles Rep 78/ 
moles plasmid 

34 
14 



%i±l 

49 
43 
7 

11 
1 



The percentage of positive cells (i.e., cells which 
expressed the lacZ gene) at 36 hours post - trans fection for 
HepG-2 cells treated with MBP-lacZ is given in Table II 
below. 



(ia lacZ 

1.5 
0 .15 

0.015 



Table II 

MBP-lacZ/l.25 ua Plasmid/ S x 10 3 cells 

moles lacZ/ 
moles plasmid 

33 132:1 



pico moles lacZ 



%i±i 



3.3 
0.3 



13:1 
1:1 



0 

22 



The percentage of positive cells which expressed the 
i acZ gene at 36 hours post-transfection for HepG-2 cells 
treated with MBP-Rep 68- delta NTP is given in Table III 



below. 



Table III 



MBP-R 



liq Rep 68- 
delta NTP 




1.5 
0 .15 
0.015 



P7.CQ mol es Rep 
6 B -delta NTP 



14 
1.4 
0.14 



mid DNA/5 x 10 5 cells 

% ( + > 



tnnlftfi Rep 68- 
delta NTP/moles 
plasmid 

56:1 

5.6:1 

0.56:1 



0.5 
35 
35 



Based on these results, MBP-Rep 78 appeared to 
earlier expression of the lacZ gene in a dose- 
fashion. This was a specific rep protein effect, 



cause 
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MBP-lacZ, a protein with no rep protein functions, had the 
opposite effect, tending to show fewer positive cells with 
increasing amounts of the protein. The MBP-Rep 78 effect 
appeared to require rep protein activities other than DNA 
binding, since MBP-Rep 68 delta NTP, a mutant rep protein 
able to bind non-covalently but not nick AAV ITRs, had the 

same effect as MBP-lacZ. 

The cells were maintained in culture for approximately 
2 months and then sent for repeat cytometric analysis. Cell 
viability remained high. The cells then were preincubated 
with chloroquine to reduce any background posit ivity, and 
then were stained with f luoroscein-di-Beta galactopyranoside 
(FDG) as hereinabove described. Non-viable cells were 
excluded by propidium iodide and cytometry, and the percent 
positive cells was determined for viable cells. 

The percentage of positive cells (i.e., cells which 
expressed the lacZ gene) at 2 months after transfection among 
cells that were positive at 36 hours after transfection, and 
which were treated with MBP-Rep 78, is given in Table IV 
below. 

Table IV 

MBP-Rep 7fl/ 1.25 u a DNA/ 5 x 10 s cells 

fia Rep 78 U moles Reo 78/ $_i±L 

moles plasmid 

0.98 34:1 10 

0.42 14:1 8 

0.26 9=1 18 

0.19 7:1 13 

0.00 0 7 

The percentage of positive cells at 2 months after 
transfection among cells that were negative at 36 hours after 
transfection, and which were treated with MBP-Rep 78, is 
given in Table V below. 
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MBP-Rep 7R /1.25 uq hna/5 x 10 5 cells 



03. Rep 78 



y mnlPfl ReD 78/ %_J±1 

moles plasmid 



0.98 34:1 

0.42 14:1 

0.26 9:1 

0.19 7:1 



0 



0 



80 
53 
22 
22 
5 



The results of Tables IV and V indicated a dose- 
dependent MBP-Rep 78 effect that was greatest with cells 
which originally had been negative. These cells had a high 
percentage of FDG-positive cells, and this percentage 
increased with increasing dosage of Rep 78 employed. The 
cells which had been positive at 36 hours post-transf ectxon 
showed a much lower percentage of stable positive cells and 
while Rep 78 appeared to increase long term percentage of 
positive cells, there was no dose effect. 

These results indicate that MBP-Rep 78, when delivered 
via a liposome with an ITR- flanked gene, appears to augment, 
in a dose-dependent fashion, long-term transgene expression 
in cell culture. Such augmentation of expression is unlxkely 
to have resulted from enhanced integration, as it is unlxkely 
for an extrachromosomal element to persist in culture for two 
months without continuous positive selection pressure. From 
the above results, rep protein delivered by liposome appears 
to have two effects in a cell: (i) enhancement of inxtxal 
expression of the transgene with a reduced effect on 
integration (initially positive cells that subsequently had 
lower levels of persistently positive cells); or (xx) 
suppression of initial transgene expression whxle 
facilitating integration (initially negative cells that 
subsequently had high levels of long-term positive cells.) . 
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Ex vivo treatment of Hemophilia B Using an AAV vector for 
Human Factor IX 

pAvlH9FR (Figure 14, which includes an adenovirus 5' 
ITR, an RSV promoter, a tripartite leader sequence, the 5' 
untranslated region of the human Factor IX gene, a centrally 
truncated first intron, the human Factor IX coding region, 
the 3' untranslated region of the human Factor IX gene, a 
polyadenylation signal, and an adenovirus homologous 
recombination region) , is digested with Spel and BamHI to 
obtain a fragment including the human Factor IX gene and the 
above-mentioned genomic elements and polyadenylation signal. 
The fragment is blunt-ended with Klenow, and cloned into the 
ITR containing fragment of the Notl-BsmI digest of pAAVrnlacZ 
to obtain pAAVRSVF9. (Figure 15) . 

The plasmid pAAVRSVF9 contains the gene for Human Factor 
IX under the control of the RSV promoter. There are 5' and 
3' flanking AAV ITR'S: 

5' - AAV ITR - RSV Promoter - Human Factor IX gene - Poly A - 
AAV ITR - 3' 

A patient with Hemophilia B. undergoes a partial 
hepatectomy using appropriate coagulation factor support. 
The removed cells are placed into culture at 37°C. One day 
later the cells are gently washed with IX PBS followed by 
gentle rewashing with Optimem (Gibco) . The cells are covered 
with a thin layer of Optimem. DNA containing liposomes are 
added, such that there is a ratio of 1.25 micrograms of DNA 
added per 5xl0 3 cells. 

The liposomes are formed by mixing 3 microliters of 
lipid in 25 microliters of Optimem (Gibco) with 25 
microliters of an Optimem solution containing the plasmid 

* 

pAAVRSVF9 at a concentration of 0.05 micrograms /microliter 
(yielding 1.25 /ig DNA) . The Optimem solution containing the 
plasmid was preincubated for 1/2 hour at 37°C with 1 /ig of 
MBP-Rep 78. 
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v, following the addition of the liposomes, 
Eighteen hours following . ^ ^ 

serum containing medium - ^ 

f ° 110Wi :i a ron t Ic^e -d" infused into the patient using 
trypsini ation wcta qu ^ ^ ^ Qf the 

an indwellxng portal vexn cathe ter is removed 

• i r^tial hepatectomy. The catneter 
initial partial ne P hepatic cells 

following the reinfusion of the ameliorating 
reingraft and produce human Factor IX, thereby 
the patient's Factor IX deficiency. 



Rvample 3 

rrM-al ve ^ -infusion of U] 



,n< 



R lipl d Snr^Ie in Che presence of serun is used 
A lipid uiiau H bv first mixing 5 

„ for. 11*—. • *» ^P 060 ™" o£ a solution 

* linid in 25 microliters uj. 

i«-u«. «* ^ ^ o£ in WTO lipOBOmea . lipid 

appropriate for forma pouters of a solution 



appropr iate for f o^ ion ;; „ ^ , 

solution is then ~» o£ ^ plMml<1 p^vRSVFS and 1 

1.25 microgram — =- 



containing 1.25 mi ^g ^ ^ contains the 

xerogram of either^ ^Rep ^ ^ appropriate to the 

gene for Rep 78 . The ^ . fl v±vo 

formation of liposomes hat c ^ & ^ 

pC MVMBPRep78 (Figure 16) x. Rep78 ^ constructe d 

contains the gene for Rep /»• p 

as follows: i„nafced adiacent to the 



the sequences: 

• ATATCAATTCACACAGGAAACG 



^ s . -<^^ T ^ CT '^ lep78 . t „en .as dieted with 
**" 1 ' VhT MBpTepTfra^t then .as cloned into 
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The resultant plasmid, pCMVMBPRep78 (Figure 16) has the gene 
for MBP-Rep 78 under the control of the CMV promoter. 

If the MBP-Rep 78 protein is used to form the liposome, 
then the DNA and the protein are preincubated at 37°C in the 
Optimem solution for 1/2 hour prior to mixing with the lipid- 
Optimem mixture. The liposomes are then delivered to the 
liver of a patient with Hemophilia B using a portal vein 
catheter. The catheter is placed on the day of infusion 
using appropriate coagulation factor support. A rough 
estimation of the number of hepatocytes that the patient has 
is made given his/her body mass index, and liposomes diluted 
in sterile saline are infused such that approximately 1.2 5 
micrograms of DNA are administered per 5x10* hepatocytes . The 
portal vein catheter is removed and the patient taken for 
appropriate post -surgical care. Following uptake, those 
cells stably transduced begin production of human Factor IX, 
thereby ameliorating the patient's coagulation factor 
deficiency. 

Example 4 

In vivo treatment of H emophilia B using 
liposomes and hepa tic-selective ligands 
Liposomes are formed as described in Example 3, except 
that a hepatic selective ligand, such as asialoglycoprotein, 
is anchored in the membrane phase of the liposome. The 
ligand can be incorporated at the time of liposome formation 
using an appropriate lipid tail connected to the ligand, or 
the ligand can be incorporated following formation of the 
liposomes. In the latter case, the ligand can be attached to 
the membrane using any of a variety of standard techniques, 
including covalent chemical bond formation between the ligand 
and a membrane bound protein. The liposomes are administered 
intravenously in a patient with Hemophilia B. As the 
liposomes travel through the systemic circulation they are 
selectively taken up by hepatocytes because the ligand binds 
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to a receptor on the hepatocyte surface. This leads to 
hepatic-specific uptake and hence expression of the human 
Factor IX gene, thereby ameliorating the patient's 
coagulation deficiency. 

Bvample 5 

rv vivo t -T- ?a t-ment of Hemophilia A ugin* 
a ^ &av vect "r for Human Parfor VIII and 

. n j = i ra i i c rrinmt ant*^ Uf ?inq an osmoti' 

human eT"forhelial cells iei«wi«uuv^ — 



m cam — — 1 1 - _ , 

pAvALAPHSl (Figure 17, which includes an adenovxral 5 
ITR, an albumin promoter, and ApoAl transcription initiation 
site a human Factor VIII coding sequence, and an adenovirus 
homologous recombination fragment) was digested with Sail and 
Clal to obtain an ApoAl - Factor VIII fragment. The fragment 
is blunt -ended with Klenow, and then blunt cloned into 
PAAVRSVF9. The P AAVRSVF9 plasmid is opened by digestion with 
EcoRV and Clal to remove the Factor IX - poly A portion of 
the plasmid. The remaining fragment contains the AAV ITR ' s 
and the RSV promoter. The result of the P AvALPH81 cloning 
into pAAVRSVF9 is pAAVRSVApoFB (Figure 18) . 

Endothelial cells are isolated from the veins of a 
patient with Hemophilia A (Factor VIII deficiency) and 
maintained in culture at 37-C. Liposomes are formed I as 
follows: 1.5 ^ of plasmid pAAVRSVApoFB and 1.2 W of MBP- 
Rep 78 are added to Optimem solution (Gibco) to yield a total 
volume of 25 microliters. This mixture is gently triturated 
and incubated at 37-C for 1/2 hour. Following incubation, 
the DNA-Rep solution is mixed with a solution that consists 
of 3 microliters of lipid in 25 microliters of Optimem. The 
resultant mixture is gently triturated and allowed to sit for 
1/2 hour at room temperature. 

The endothelial cells are gently washed with IX PBS and 
then gently rewashed two times with Optimem. For every 10 
cells, 25 microliters of liposomes are added. The cells are 
returned to a 37<>C incubator for 12 hours, and then serum- 
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containing medium is added. At 4 weeks following this 
procedure Factor VIII production by the cells is verified. 
The cells are put into solution by standard trypsinization 
followed by inactivation of the trypsin with serum- containing 
medium. The cells are seeded onto the inner surface of the 
tubing of an osmotic pump device and the pump is implanted 
subcutaneously in the forearm of the patient. The cells in 
the pump produce Human Factor VIII and this protein diffuses 
from the osmotic pump into surrounding tissues. It is then 
taken up into the patient's bloodstream, correcting the 

Factor VIII deficiency. 

The disclosure of all patents, publications, including 
published patent applications, and database entries 
referenced in this specification are specifically 
incorporated by reference in their entirety to the same 
extent as if each such individual patent, publication, and 
database entry were specifically and individually indicated 
to be incorporated by reference. 

It is to be understood, however, that the scope of the 
present invention is not to be limited to the specific 
embodiments described above. The invention may be practiced 
other than as particularly described and still be within the 
scope of the accompanying claims. 
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MEAT IS CLAUSED IS: 

1. A composition for delivering a DNA sequence encoding a 
desired polypeptide or protein to a cell comprising: 

(a) an adeno- associated virus rep protein or a nucleic 
acid sequence encoding an adeno-associated virus rep protein, 
and (b) a genetic construct including a DNA sequence encoding 
a protein or polypeptide or genetic transcript of interest; 
a promoter controlling said DNA sequence encoding a protein 
or polypeptide or genetic transcript of interest; and a first 
adeno-associated viral ITR or portion or derivative thereof, 
and a second adeno-associated viral ITR or portion or 
derivative thereof, said first and second adeno-associated 
viral ITRS flanking said DNA sequence encoding a protein or 
polypeptide or genetic transcript of interest and said 
promoter controlling said DNA sequence encoding a protein or 
polypeptide or genetic transcript of interest. 
2 The composition of Claim 1 wherein said adeno-associated 
virus rep protein is selected from the group consisting of 
Rep 7B, Rep 68, Rep 52, Rep 40, and fragments or derivatives 



3 . 



The composition of Claim 2 wherein said adeno-associated 
virus Rep protein is the Rep 78 protein or a fragment or 
derivative thereof. 

4. The composition of Claim l wherein said protein or 
polypeptide of interest is a therapeutic agent. 
5 The composition of Claim 1. and further comprising an 
encapsulating medium containing said adeno-associated virus 
rep protein or DNA encoding an adeno-associated virus rep 
protein, and said genetic construct. 

6. The composition of Claim 5 wherein said encapsulating 
medium is a liposome. 

7 the composition of Claim 6 wherein said liposome further 
contains a ligand specific for a desired target cell, tissue, 
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8 . Bukaryotic cells transf ected with the genetic construct 
contained in the composition of Claim 4. 

9. A method of effecting a gene therapy treatment in a host 
comprising : 

administering to a host in vivo the composition of Claim 
4 in an amount effective to produce a therapeutic effect in 
said host. 

10. A method of effecting a gene therapy treatment in a 

host, comprising: 

administering to a host the eukaryotic cells of Claim 8, 
said eukaryotic cells being administered in an amount 
effective to produce a therapeutic effect in said host. 



WO 96/15777 



1/18 



PCT/US95/13190 




WO 96/15777 



PCT/US95/13190 



2/18 



Hrnd HI *n 



SV40 Promowr 
gndEnntncar 




E»R 13701 
BtmH U151 
Pit I 4173 



WO 96/15777 



3/18 



PCT/US95/13190 




WO 96/15777 PCT/US95/13190 

4/18 




>% « 



WO 96/15777 



PCIYUS95/13190 



5/18 



$01 U2B 




OCTA "ACAA CTO^A 




WO 96/15777 



6/18 



PCT/US95/13190 




WO 96/15777 



7/18 



PCT/US95/13190 



Nftrf. 




WO 96/15777 



8/18 



PCIYUS95/I3190 




WO 96/15777 



9/18 



PCT/US95/13190 




WO 96/15777 



11/18 



PCT/US95/13190 




HindllT 



12/18 



PCT/US95/13190 




HindIir : K340H 




..f1 

I t 



WO 96/15777 



13/18 



PCTAJS95/13190 




* 



4) ■ 

1 



WO 96/15777 PCI7US95/13190 



14/18 




WO 96/15777 



15/18 



PCT/US95/13190 



SnaBI AAV 




'EcoRV 
EcoRV 



pAAVRSVF9 



« t; 

• t 



WO 96/15777 



PCT/US95/13190 



16/18 



indlll 




Xba1 



BamH1 



Hindlll 



pCMVMBPRep78 



WO 96/15777 



17/18 



PCT/US95/13190 



.NotU 



12224 ,S*di 



.Mlul.429 



lit 35 .Seal 



Saci.1632 
EcoRJ.lB36 



9331,.HindM ; 




EcofU.21E3 
Spcl.2207 



HuidIIL264i 



£"54.Saci 



BamHI.5491 



KindiIl.3S99 
EcoRJ.3911 



■^52.Sact 

vl27.BamHI 

?283.CUI; 
o277.Hindlli: 
o254.BaaHl 



EcoRI.5959 



18/18 



PCT/US95/13190 




AAV Bglll 
FTR 



apoAl RSV Bglll 
Promoter 



pAAVRSVApoF8 



INTERNATIONAL SEARCH REPORT 



international application No. 
PCT/US95/13190 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A61K 31/00 
US CL :514/44; 435/320.1 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 514/44,435/320.1 

Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS MEDLINE BIOS1S EMBASE CAPLUS VVPIDS 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



A, P 



Y 



"O* 

•r 



Citation of document, with indication, where appropriate, of the relevant passages 

Science, Volume 269, issued 25 August 1995, MARSHALL, 
"Gene Therapy's Growing Pains", pages 1050-1055, see 
entire document. 

Proceedings of the National Academy of Sciences, Volume 
91 , issued June 1 994, WEITZMAN et al., "Adeno-associated 
Virus (AAV) Rep Proteins Mediate Complex Formation 
Between AAV DNA and Its Integration Site In Human DNA", 
pages 5808-5812, see entire document. 

Human Gene Therapy, Volume 5, issued 1994, KOTIN etal., 
"Prospects for the Use of Adeno-Associated Virus as a 
Vector for Human Gene Therapy", pages 793-801 , see entire 
document. 



Relevant lo claim No. 



1-10 



1-10 



1-10 



[J] Further documents are listed in the continuation of Box C Q See patent family annex. 



Special categories of cited document*: 

document defining the fenermi otic of the art which m not considered 
to be part of particular relevance 

earlier document published on or after the talera*tiooai ftlin| date 

document which may throw doubt* on priority claim<i) or which » 
cited to catsbush the publication dste of another citation or other 
special reason (m apecified) 

document referring lo an oral disclosure, uae. exhibition or other 



later document publiihed after the international filing dote or pnonty 
date and not m con/lict with the tppuca4k» but cited u> ujrferataod the 
pravcrplc or theory undertymg the mvenlioo 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 



V 



document of particular relevance; the 
considered to involve an inventive step 
with one or more other such doc 
i to a person skilled m the art 



invention cannot be 
the document it 
, such combination 



document pubUshed prior to the international filing dale but later than 
the priority dste chimed 



docurncnt member of the same patent family 



Date of the actual completion of the international search 



10 MARCH 1996 



Name and mailing address of the ISA/US 
Commissioner of Palenu and Trademarks 
Box PCT 

Washington. D.C 20231 
Facsimile No. (703) 305-3230 



Date of mailing of the international search report 

% 1 MAR 1996 



Authoi 



'officer 



IW MILNE 
Tele phone No. (703) 308-0196 




INTERNATIONAL SEARCH REPORT 



C (Com.nu.tion). DOCUMENTS CONSIDERED TO BE RELEVANT 



International application No. 

PCT/US95/13190 



Category « 



Citation or document, with indication, whe re appropriate, of the relevant passages 

Advanced Drug Delivery Reviews, Volume 12, issued 1993, 
XIAO et al., " Adeno-associated Virus (AAV) Vectors for Gene 
Transfer", pages 201-215, see entire document. 

Molecular and Cellular Biology, Volume 14, Number 4, issued 
April 1994, PHILIP et al., "Efficient and Sustained Gene 
Expression' In Primary T Lymphocytes and Primary and Cultured 
Tumor Cells Mediated By Adeno-Associated Virus Plasmid DNA 
Complexed to Cationic Liposomes", pages 2411-2418, see enure 
document. 

The EMBO Journal, Volume 11, Number 13, issued 1992, 
KOTIN et al., "Characterization of a Preferred Site On Human 
Chromosome 19q For Integration of Adeno-Associated Virus DNA 
By Non-Homologus Recombination", pages 5071-5078, see entie 
document. 



Relevant to claim No. 



1-10 



1-10 



1-10 



Form PCT/ISA/210 (continuation of second sheet)(July 1992)* 



- VERSION* 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

Internationa! Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 




(11) International Publication Number: 


WO 96/15777 


A61K 31/00 


Al 


(43) International Publication Date: 


30 May 1996 (30.05.96) 



(21) International Application Number: PCT/US95/13I90 

(22) Internationa] Filing Date: 16 November 1995 (16.1 1.95) 



(30) Priority Data: 

08/344,729 



23 November 1 994 (23 . 1 1 .94) US 



(71) Applicant: THE GOVERNMENT OF THE UNITED STATES 

OF AMERICA, represented by THE SECRETARY, DE- 
PARTMENT OF HEALTH AND HUMAN SERVICES 
[US/US], National Institutes of Health, Suite 325, 601 1 Ex- 
ecutive Boulevard, Rockville, MD 20852 (US). 

(72) Inventors: WrENER, Stephen, M.; Apartment 405, 7401 

Westlake Terrace, Bethesda, MD 20817 (US). CHIORINI. 
John, A.; 2604 Loma Street, Silver Spring, MD 20902 (US). 
SAFER, Brian; 1610 Tilton Drive, Silver Spring, MD 20902 
(US). KOTIN, Robert. M.; 18 Eton Overlook, Rockville, 
MD 20850 (US). 

(74) Agents: LILLIE, Raymond, J. et aJ.; Carclla, Byrne, Bain, 
Gilflllan, Cecchi, Stewart & Olstein, 6 Becker Farm Road, 
Roseland, NJ 07068 (US). 



(81) Designated States: CA, JP, European patent (AT. BE, CH. DE. 
DK. ES. FR. GB, GR. IE. IT. LU. MC, NL, PT. SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: LrPID VESICLES CONTAINING ADENO-ASSOCIATED VIRUS REP PROTEIN FOR TRANSGENE INTEGRATION AND 
GENE THERAPY 



(57) Abstract 

A composition for delivering at least one DNA sequence encoding a desired protein or polypeptide (such as a therapeutic agent) 
to a cell. The composition comprises an adeno-associated virus rep protein (or a nucleic acid sequence encoding an adeno-associated 
virus rep protein) and a genetic construct including at least one DNA sequence encoding a protein or polypeptide or genetic transcript 
of interest and a promoter controlling the at least one DNA sequence. The genetic construct also includes a first adeno-associated virus 
ITR or portion or derivative thereof and a second adeno-associated virus ITR or a portion or derivative thereof. The first and second 
adeno-associated virus ITRs or portions or derivatives thereof flank the at least one DNA sequence encoding the protein or polypeptide or 
genetic transcript of interest and the promoter controlling the at least one DNA sequence encoding the protein or polypeptide or genetic 
transcript of interest. Such a composition provides for integration of genetic material at a specific locus in the human chromosome, while 
minimizing the possibility of inadvertent inactivation of host genes and minimizing the possibility of viral contamination. 



• (Referred lo in PCT Gixette No. 34/1996. Section D) 



Codes used to identify 
applications under the PCT. 



FOR THE PURPOSES OF INFORMATION ONLY 

States party to the PCT on the front pages of pamphlets publishing international 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African 


CG 


Congo 


CH 


Switzerland 


CI 


Cote d'lvoire 


CM 


Cameroon 


CN 


China 


cs 


Czechoslovakia 


cz 


Czech Republic 


DE 


Germany 


DK 


Denmark 


ES 


Spain 


Fl 


Finland 


FR 


France 


GA 


Gabon 



GB 


Untied Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgysian 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldovi 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 96/15777 



PCI7US95/13190 



LIPID VESICLES CONTAINING 
ADENO- ASSOCIATED VIRUS REP PROTEIN 
FOR TRANSGENE INTEGRATION AND GENE THERAPY 

This invention relates to gene transfer wherein a 
desired gene is delivered to a eukaryotic cell with 
applications for gene therapy. Such gene delivery may be 
accomplished in vivo, or may be accomplished in vitro, 
followed by the in vivo administration of such eukaryotic 
cells to a host. More particularly, this invention relates 
to liposomes and similar transfection vehicles which include 
an adeno-associated virus rep protein, adeno-associated virus 
ITRs, and DNA encoding a desired protein, polypeptide or 
genetic transcript, such as messenger RNA, antisense RNA, or 
a ribozyme. 

BACKGROUND OP THE INVENTION 

Adeno-associated virus (or AAV) has the unique ability 
to target the integration of its DNA into a host cell genome 
in a non-random, locus-specific manner. This is in contrast 
to other viruses such as retroviruses which integrate at 
random positions in the host genome. 

The left open reading frame of adeno-associated virus 
encodes the rep proteins. Two promoters located at map 
positions 5 and 19 (promoters p5 and p!9 , respectively ) 
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control expression of the four proteins derived from this 
ORF Rep proteins Rep 78 and Rep 68 are produced from P 5 
promoted transcripts, and rep proteins Rep 52 and Rep 40 are 
produced from pl9 promoted transcripts. It has been 
demonstrated in vitro that the p5 promoted rep proteins (rep 
78 and Rep 68) bind to a defined reg.on of human chromosome 
19 at the integration locus for AAV provirus. 

It is therefore an object of the present invention to 
employ AAV rep protein and -the AAV ITRs as part of a gene 
delivery system for achieving targeted integration of foreign 
qe nes Such targeted integration would provide a more 
effective and safer method of gene delivery. Other gene 
delivery techniques achieve low levels of integration, often 
require actively cycling cells as targets, and if xntegrat.on 
occurs, it happens at random sites in the genome. Random 
integration poses the potential danger of inadvertent 
activation of a deleterious gene (such as a protooncogene) or 
inadvertent inactivation of an essential gene. 

Many clinical gene therapy experiments or protocols also 
employ viral-based gene delivery systems. Such procedures 
Ze the risK of contamination with potentially pathogenic 
wild-type virus, which is a significant safety concern. 
Alio. ?nese systems may result in significant host immune 
responses to transf ected cells that express viral proteins on 
their surfaces. 

pp T Ep nnsau TTTT "F T™ "curbs 

The invencio „ no. will be described with respect to the 

figures, wherein: 

Figure 1 is a map of plasmid AAVpBneo; 

Figure 2 is a map of plasmid pS V-/3-galactosidase; 

Figure 3 is a map of plasmid TRF169; 

Figure 4 is a map of plasmid pLZH; 

Figure 5 is a map of plasmid pSP72; 

Figure 6 is a map of plasmid P SP72nlacZ; 
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Figure 
Figure 
Figure 
Figure 
Figure 



7 is a map of plasmid pAdRSV4 ; 

8 is a map of plasmid pAdRSVnlacZ; 

9 is a map of plasmid pAAVrnlacZ; 

10 is a map of plasmid pPR997; 

11 is a map of plasmid pMBP-Rep 68A; 



Figure 12 is a map of plasmid pMBP-Rep 68ANTP 

Figure 13 is a map of plasmid pMBP-Rep 78; 

Figure 14 is a map of plasmid pAvlH9FR; 

Figure 15 is a map of plasmid pAAVRSVF9; 

Figure 16 is a map of plasmid pCMVMBP-rep78 ; 

Figure 17 is a map of plasmid pAvALAPH81; and 

Figure 18 is a map of pAAVRSVApoF8 . 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with an aspect of the present invention, 
there is provided a composition for delivering a DNA sequence 
encoding a protein or polypeptide or genetic transcript of 
interest to a cell. The composition comprises an adeno- 
associated virus rep protein, or a nucleic acid sequence (DNA 
or RNA) encoding an adeno-associated virus rep protein. The 
composition also comprises a genetic construct which includes 
a DNA sequence encoding a protein or polypeptide or genetic 
transcript of interest; a promoter controlling the DNA 
sequence encoding a protein or polypeptide or genetic 
transcript of interest; a first AAV ITR or portion or 
derivative thereof; and a second AAV ITR or portion or 
derivative thereof. The first and second adeno-associated 
viral ITR's (or portions or derivatives thereof) flank the 
DNA sequence encoding a protein or polypeptide or genetic 
transcript of interest and the promoter controlling the DNA 
sequence encoding the protein or polypeptide or genetic 
transcript of interest . 

In one embodiment, the adeno-associated virus rep 
protein is selected from the group consisting of Rep 78, Rep 
68, Rep 52, Rep 40, and fragments or derivatives thereof. 
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The tern, ..fragments or derivatives thereof as used herein 
means that the rep protein may be a protein whioh has 
deletions of amino acid residues within the protein 
structure, and/or may be truncated at the C-term a nal and/or 
the N-terminal. and/or may be mutated such that one or more 
amino acid residues normally present in the protein structure 
are replaced with other amino acid residues Such fragments 
and derivatives of rep proteins that retain some or all of 
Che same biological activities as the unmodified rep procerus 
or that may possess modified characteristics. 

in one embodiment, the adeno-associated virus rep 
protein is the Rep 78 protein or a fragment of ^atjve 
thereof. In another emhodiment, the adeno-assocrated v rus 
rep protein is the Rep 6e protein or a fragment or derivative 

therS The adeno-associated virus rep protein may be produced 
Dy techniques disclosed in co-pending application serial No^ 
oe/o«7.»«. Ror exa^le, the rep protein may be ^h..x»d 
on an automated protein synthesiser, alternatively the rep 
protein may be produced by genetic engineering techniques 
^ Ln the rep protein is produced by genetic engineering 
techniques, the rep protein may be produced from cells 
trans ected with an expression vehicle including a nucleic 
1™ sequence which encodes the rep protein. In one 
embodiment, the expression vehicle includes a first DHA 
sequence encoding an adeno-associated virus rep ~ * 

fragment or derivative thereof, and a second DNA sequence 
ending a protein or a peptide which is not an adeno- 
Issociated virus protein or peptide, whereby expression of 
=IId first DNA sequence and said second DNA sequence results 
n elressZ of a fusion protein including the adeno- 
in «P-™ ° e . n or £ragmenc or derivative 

associated virus rep P ^ ^ ^ ^ 

thereof, and the P*££ JJ The protetn or pepC ide 

associated virus protein or p v naDt ide may 

which is not an adeno-associated virus protein or peptide 
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be a bacterial protein or peptide, or a histidine "tag" of 6 
to 10 histidine residues. 

In one embodiment, the protein or peptide which is not 
an adeno-associated virus protein or. peptide is a bacterial 
protein. The bacterial protein may be the E. coli maltose - 
binding protein, or a fragment or derivative thereof. 
Maltose-binding protein, or MBP, has a high affinity for 
maltose and amylose. Fusion proteins which include MBP and 
rep protein can be isolated from lysates prepared from E. coli 
by adsorption and elution from an amylose affinity column. 
Thus, large quantities of AAV rep proteins can be isolated 
and purified, while such AAV rep proteins retain their 
biological activities. 

In another alternative, the rep protein is provided in 
an appropriate expression vehicle containing a nucleic acid 
sequence (DNA or RNA) encoding the rep protein. The 
expression vehicle may be a plasmid vector including the 
nucleic acid sequence encoding the rep protein. 

The genetic construct, which includes a DNA sequence 
encoding a protein or polypeptide or genetic transcript of 
interest, a promoter controlling the DNA sequence encoding a 
protein or polypeptide or genetic transcript of interest, and 
AAV ITRs or portions thereof which flank the DNA sequence and 
the promoter, is constructed such that the orientation of , the 
AAV ITRs and the promoter is such that only the DNA sequence 
encoding the protein or polypeptide or genetic construct of 
interest, and not any host genes, will be transcribed. 

The AAV ITRs which flank the promoter and the DNA 
sequence controlled by the promoter may be the complete ITR 
sequences or portions of the ITR sequences, which provide 
sufficient AAV ITR sequence to facilitate targeted 
integration by rep protein. In one embodiment, the genetic 
construct includes at least the double -stranded 
oligonucleotides containing the AAV ITR A/A' and D'/D 
regions, which are sufficient for the rep functions believed 
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to be needed for integration; non-covalent binding, 
endonuclease action, covalent binding, helicase action, and 
recruitment of host cell enzymes including DNA polymerases. 
An essential feature in the A/A' region that facilitates non- 
covalent binding is the imperfect [GCTC], repeat, and 
oligonucleotides can be constructed with alterations in this 
imperfect repeat sequence or in adjacent sequences that will 
effect non-covalent binding and/or nicking and covalent 
binding. Alterations also may include modifications to the 

ITR hairpin sequences. 

The genetic construct may be part of a plasmid, a 
fragment excised from a plasmid, a large synthetic 
oligonucleotide, or a "no-end" AAV DNA (i.e., a continuous 
strand of DNA joined at each end by the AAV ITRs, resulting 
in a continuous double -stranded DNA molecule) . 

in one embodiment, the DNA sequence which encodes a 
protein or polypeptide of interest encodes a therapeutic 
agent The term "therapeutic" is used in a generic sense and 
includes treating agents, prophylactic agents, and 

replacement agents . 

DNA sequences encoding therapeutic agents which may be 
placed into the genetic construct include, but are not 
limited to, DNA sequences encoding tumor necrosis factor 
(TNF) genes, such as TNF-a, interferons, such as Interferen- 
ce interferon-^, and Interferon-^- genes encoding 

„>, ac TT.-i IL-l-B, and Interleukins 2 through 
interleukins such as IL-i, ^ A D > " 

14- gene encoding GM-CSP; genes encoding adenosine deaminase 
or'Am ; genes encoding cellular growth factors or cytokxnes 
such as epithelial growth factor <EGF, . Keratinocyte growth 
factor nor), and Ivmphotines , which are growth factors for 
lymphocytes.- gene encoding soluble CD*, Factor VII, Factor 
X^T-cell receptors,- the LDL receptor, ApoE, ApoC, ApoAI^ 
and other genes involved in cholesterol transport and 

metabolism.- the alpha-! -"^^ tTinsu In 
ornithine transcarbamylase gene, the CFTR gene, tn 
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gene, negative selective markers or "suicide" genes, such as 
viral thymidine kinase genes, such -as the Herpes Simplex 
Virus thymidine kinase gene, the cytomegalovirus thymidine 
kinase gene, and the varicella- zoster virus thymidine kinase 
gene; superoxide dismutase genes, such as Cu-SOD, Mn-SOD, and 
Zn-SOD; Fc receptors for antigen-binding domains of 
antibodies, and antisense sequences which inhibit viral 
replication, such as antisense sequences which inhibit 
replication of hepatitis B or hepatitis non-A non-B virus. 
Additional therapeutic agents include genetic transcripts 
such as a messenger RNA, antisense RNA, or ribozymes. It is 
to be understood, however, that the scope of the present 
invention is not intended to be limited to the specific 
therapeutic agents described hereinabove . 

The DNA sequence encoding the therapeutic agent may be 
the native nucleic acid sequence which encodes the 
therapeutic agent or a fragment or derivative of the native 
nucleic acid sequence which encodes a fragment or derivative 
of the therapeutic agent, which retains the same biological 
activity of the unmodified therapeutic agent, or an allelic 
variant thereof. The term "allelic variant" as used herein 
means that the allelic variant is an alternative form of the 
native nucleic acid sequence which may have a substitution, 
deletion, or addition of one or more nucleotides, which does 
not alter substantially the function of the encoded 
therapeutic agent. The DNA sequence may encode the full 
length therapeutic agent or may encode a fragment or 
derivative of the therapeutic agent, and the DNA sequence may 
further include a leader sequence or portion thereof, a 
secretory signal or portion thereof of the gene encoding the 
therapeutic agent, and/or may further include a trailer 
sequence or portion thereof of the gene encoding the 

therapeutic agent. 

The DNA sequence encoding the therapeutic agent is under 
the control of a suitable promoter. Suitable promoters which 
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may be employed include, but are not limited to, adenoviral 
promoters, such as the adenoviral major late promoter; or 
heterologous promoters, such as the cytomegalovirus (CMV) 
promoter; the Rous Sarcoma virus (RSV) promoter; inducible 
promoters, such as the MMTV promoter, the metallothionein 
promoter; heat shock promoters; the albumin promoter; and the 
ApoAI promoter. Alternatively, the gene may be under the 
control of its own native promoter. It is to be understood, 
however, that the scope of the present invention is not to be 
limited to any specific promoters. 

The rep protein or DNA encoding the AAV rep protein and 
the genetic construct may be administered to a host in vivo 
or to eukaryotic cells in vitro. In one embodiment, the rep 
protein is complexed with the genetic construct and the 
complex of the rep protein and the genetic construct is 
introduced into eukaryotic cells in vitro via electroporation 
or an encapsulating medium such as a liposome or an 
adenovirus capsid. In another embodiment, the AAV rep 
protein (or an expression vehicle including a nucleic acid 
sequence encoding AAV rep protein) and the genetic construct 
are encapsulated within a liposome and administered in vivo 
to a patient, whereby the rep protein facilitates integration 
of the genetic construct into a human chromosome at a def xned 
chromosomal locus, Chromosome 19, 13.4-qter. The rep protein 
or expression vehicle including a nucleic acid sequence 
encoding rep protein, and the genetic construct may be 
encapsulated within the liposome or adenovirus capsid by 
means known to those skilled in the art. The use of a 
defined chromosome target minimizes the likelihood of 
inadvertent inactivation of any host genes. 

in one embodiment, the composition further includes a 
ligand which binds to a desired cell type, tissue, or organ 
or a ligand which is non-tissue specific. Examples of 
ligands include, but are not limited to, adenovirus pentons. 
fiber trimers, or inactivated adenovirus , fusogemc 
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proteins derived from Sendai virus, Semliki forest virus, and 
influenza fusogenic peptides; asialoglycoprotein, which binds 
to the asialoglycoprotein receptor of liver cells; membrane 
bound cytokines; tumor necrosis factors (or TNF's) such as, 
for example, TNF-alpha and TNF-beta; transferrin, which binds 
to receptors on liver cells; Interleukin-2 which binds to 
receptors on activated T-cells, and neural tissue cells; 
ApoB, which binds to the LDL receptor of liver cells; alpha - 
2-macroglobulin, which binds to the LRP receptor of liver 
cells; alpha-l acid glycoprotein, which binds to the 
asialoglycoprotein receptor of liver; mannose- containing 
peptides, which bind to the mannose receptor of macrophages; 
sialyl -Lewis -X antigen-containing peptides, which bind to the 
ELAM-1 receptor of activated endothelial cells; CD34 ligand, 
which binds to the CD34 receptor of hematopoietic progenitor 
cells; CD40 ligand, which binds to the CD40 receptor of B- 
lymphocytes; ICAM-1, which binds to the LFA-1 (CDllb/CD18) 
receptor of lymphocytes , or to the Mac-1 (CDlla/CD18) 
receptor of macrophages; M-CSF, which binds to the c-fms 
receptor of spleen and bone marrow macrophages; 
circumsporozoite protein, which binds to hepatic Plasmodium 
falciparum receptor of liver cells; VLA-4, which binds to the 
VCAM-1 receptor of activated endothelial cells; LFA-1, which 
binds to the ICAM-1 receptor of activated endothelial cells; 
NGF, which binds to the NGF receptor of neural cells; HIV 
gpl20 and Class II MHC antigen, which bind to the CD4 
receptor of T-helper cells; the LDL receptor binding region 
of the apolipoprotein E (ApoB) molecule; colony stimulating 
factor, or CSF, which binds to the CSF receptor; insulin-like 
growth factors, such as IGF-I and IGF-II, which bind to the 
IGF-I and IGF-II receptors, respectively; Interleukins 1 
through 14, which bind to the Interleukin 1 through 14 
receptors, respectively; and the Fc antigen- binding domain 
of an immunoglobulin. The ligand may be conjugated to the 
rep protein or conjugated to a complex of rep protein and the 
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cenetic construct or, when a liposome is employed to deliver 
the rep protein and genetic construct the ligand may be 
anchored in the phospholipid bilayer of the liposome 

The DNA sequence encoding the therapeutic agent is 
administered in an amount effective to produce a therapeutic 
effect in a host. The host may be an animal host, and 
oarticular a mammalian host. The mammalian host may be a 
human or non-hum*n primate. The exact dosage o. » to be 
administered is dependent upon various factors, including the 
age . weight, and sex of the patient, the type of genetic 
construct employed, the nature of the disorder to be treated 
the type of AAV rep protein employed, the formulation of the 
lipi d vesicle eo^loyed to deliver the DNA. and the type of 
cells to be transferred with the DNA. 

in another embodiment, the composition of the present 
invention may be employed in an animal model, whereir . the 
composition of the present invention is administered to an 
anlLl in vivo. The animal is then evaluated for express 
of the therapeutic agent in vivo in order to <~™^ 
effectiveness of a possible gene therapy treatment m a human 



" Alternatively, the co-position of the present invention 
which includes a DNA sequence encoding a protein or 
polypeptide or genetic transcript of interest, may be 

—g r - = « — r r:r : 

SSST rle^iVcTtJt may be 

amount of from ™'-™~™>- t 1 *ZZZ'J£. 
cells, preferably at about 1.25 M9 ° * 

. „ rellB then may be administered to a host as 
The eukaryotic cells then J eukaryotic 
rxar-r of a aene therapy procedure, wnereuy 
part of a gene vj nolvoeotide or genetic 

cells express the protein or polypept 



transcript of i 




in a host . 
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In another alternative, the composition of the present 
invention may be employed to transfect eukaryotic cells in 
vitro, whereby such transfected eukaryotic cells are cultured 
in order to produce a desired protein or polypeptide of 
interest in vitro. 

EXAMPLES 

The invention now will be described with respect to the 
following examples; however, the scope of the present 
invention is not intended to be limited thereby. 

A, Construction of pAAVRnLacZ. 

Plasmid AAVpSneo (Flotte, et al., Am. J. Respir. Cell 
Mol. Biol. . Vol. 7, pgs. 349-356 (1992)) (Figure 1) was cut 
with Hindlll and Kpnl to remove the neo R gene, and the 
Kpnl/BamHI fragment f rom pSV-/3galactoBidase (Promega) (Figure 
2) was blunted and cloned into the blunted sites of the 
plasmid to form plasmid TRF169. (Figure 3) . 

A second plasmid which provided the RSV-LTR promoter and 
nuclear targeting sequence for the lacZ gene was constructed 
as follows. The Bglll/Xbal fragment containing the nlacZ 
gene from plasmid LZ11 (Galileo, et al . , Proc . Natl. Acad. 
Sci . . Vol. 87, pgs. 458-462 (1990)) (Figure 4) was cloned 
into the blunted Smal and BamHI sites of pSP72 (Promega) 
(Figure 5) to form P SP72nLacZ (Figure 6) . From pSP72nlacZ, 
the Bglll/BamHI fragment containing the nlacZ gene was 
removed and cloned into the BamHI site of adRSV4 (Figure 7) 
which was obtained from Dr. Beverly Davidson of the 
University of Michigan. The resulting plasmid is referred to 
as pAdRSVnLacZ (Figure 8).. 

pAAVrnLacZ (Figure 9, ATCC No. 69492) was produced by 
inserting the Sspl/Dralll fragment from pAdRSVnLacZ which 
contained the RSV-LTR promoter, nuclear targeting signal 
linked to the lacZ gene into the Pmll/Dralll site of TRF169. 
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B_ Pre Baration of. Rav yp P "^oteins • 

| -j | Cloning of MBP-PT *«A and MBP-Rep 78 
The open reading frames of rep proteins Rep 68 and Rep 
78 were generated by PCR amplification. A common 5' primer 
corresponding to nucleotides 327-346 of adeno-associated 
virus (codons 3-9 of Rep 68 and the Rep 78 open reading 
frame) was synthesized and used for both Rep 68 and Rep 78. 
initially, Rep 68 was amplified using a 3' primer 
corresponding to a reverse complement of AAV nucleotides 
2029-2048 (codons 570-576) . PCR amplification was performed 
using cloned Pfu polymerase (Stratagene) with buffer. The 
PCR product was digested with HindlH. which cleaves AAV at 
nucleotide 1882, and ligated into plasmid P PR997 (Figure 10) 
(New England Biolabs) , which was digested with XmnI and 
: indIII 9 Thus, a E,P_68 gene was inserted into p»,l r» 

at- the 3' terminus were deleted, tnus 
which 16 codons at cne j 

reS ultin 9 in Che Eolation of a modified Rep 68 protein^ 
sometimes hereinafter referred to as Rep «A. m which th e 
la st IS amino acids at the C-terminal have heen delete.. 
pPR99 , includes an ^^XLS^ gene, in which ■ ™^o"de - 
2* of the -1. gene were deleted, controlled VJ^Sto 
tac promoter which includes an operator .it. for the Ufil 

OPR997 also includes a polylinRer or multiple 




cloning site. This cloning strategy resulted in the open 
reading frame of the RgE-ii gene ligating in frame with the 
reaamg it nPR o 9 7 a t the 5' end of the Rep 68 

malE open reading frame of pPR997 at tne o ch4fred 
■— * c Do „ c. q aene is a f rame-shirtea 

aene The 3' terminus of the Rep 68 gene is 

rh . aav Ren 68 open reading frame and the 
fusion between the AAV Rep °° u f 

lacza aene resulting in an additional 50 residues at the 
^ 9 . ter minus. The resulting plasmid is pMBP-Rep 68.. 

(Fi T m utant MBP-Rep 63. with a mutation in the putative 
nucleoside triphosphate (NTP) -binding site was^produ e d by 
substitution of a BamKI-Hindlll fragment from the pHIV rep 
NTP plasmid with a lysine-to-histidine mutation in codon 340 
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(K340H) (Owens, et al . , Virology , Vol. 184, pgs . 14-22 
(1991); Owens, et al . , J. Virol, , Vol. 67, pgs. 997-1005 
(1993)) to form pMBP-Rep 68ANTP . (Figure 12). MBP-Rep 68A- 
NTP retains the DNA binding function of MBP-Rep 68A; however, 
other biochemical properties, such as helicase activity, are 
ablated. 

pMBP-Rep 78 was generated by amplifying AAV nucleotides 
1872-2239. This sequence includes an overlapping region of 
Rep 68 and Rep 78 and the 3' terminus of Rep 78, The 5' 
primer corresponds to AAV nucleotides 1872-1894 and the 3' 
primer corresponds to the reverse complement of AAV 
nucleotides 2215-2239, and also incorporates Hindlll and Xbal 
sites. The PCR product was digested with Hindlll and ligated 
into Hindlll digested pMBP-Rep 68A. The resulting plasmid is 

pMBP-Rep 78. (Figure 13) 

The MBP-Rep 78 protein is an in-frame fusion protein 
between the malB open reading frame and the adeno- associated 
virus open reading frame beginning at codon 3 of the Rep 78 
gene. The 3 '-terminus utilizes the naturally occurring stop 
codon of the rep gene, and therefore there are no non-viral 
carboxy terminus residues. 

(ii) Protein Expression 

B.coli organisms were transfected with pMBP-Rep 68A NTP 
or pMBP-Rep 78 according to standard techniques. The DNA 
encoding MBP-Rep 68A NTP or MBP-Rep 78 is under the control 
of the E.coli tac promoter which is repressed by the lad 
repressor gene product. Addition of IPTG prevents binding of 
the lac repressor to the tac promoter, thereby enabling high 
levels of expression of MBP-Rep 68A NTP or MBP Rep 78. 
Recombinants that were positive for the correct insert and 
orientation were screened for expression of fusion protein. 
The bacterial clones that produced a protein of the predicted 
molecular weight were grown on a larger scale. 

One liter cultures of bacteria transformed with pMBP-Rep 
68A NTP or pMBP-Rep 78 were obtained. A bacterial pellet was 
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obtained from each culture by centrifugation, and each 
bTccerial pellet was resuspended in 0.05 vol. of column 

Z L aoL NaCl. 20* TriS-Cl « P H 7.4,, !m„ EDTA, and lm« 

aithiothreitol) . The bacteria were lysed by somcation by 
t lt 30 eecond pulses. The suspension was cleared by 
oentrifugation at 9,000xg for 20 min. at t'C. 

The supernatant was loaded onto a colu™ pacKed with 
.mvlose-sepharose resin equilibrated in column buffer. The 
TJlZ then was washed with 10 eol- volumes of co - 
Z tZ The proteins then were eluted with Ix column buffer 
o lining l« maltose. Approximately 1 ml fractions were 
collected and 2 ,1 aliguots were analyzed by SDS 
i =,™i a «ide gel electrophoresis on an 8% sub 
3£££ gel. The overall yield of KBP-Rep » or 
ZJ-**7™ "om a one-liter culture was from 4 to 12 mg of 

^° t6 |" r 1 1, m-nr i ™ 

were m»de by mixing 3,1 of lipid in 25 ,1 of 
optimem (Cibco, with 25 ,1 of an Optimem solution conta n ng 
Ze plasmid pAAVRnLacZ at a concentration of 

yielding 1.25 (ig DNA) . The Optimem solution concern^ he 
plsmid was preincubated for « hour at 37-C with either . 

pl . „ op „„ o 42 ug. 0.26 Mg> °r 019 

MBP-Rep 78 in amounts of 0.98 ng. 0.4^ (ig, 

ua . <ii) MBP-LacZ in amounts of 1.5 ,9. 0.!5 N . or 0^015 «. 
or' <iii» MBP-Rep 68 Delta NTP in amounts of 1.5 „. 0.15 „. 

-"-S^fSTS- the solutions were mixed to form 

lip oeomee. the solution <^J^ZZ^ 
huna n hepatoma derived ^ q£ 
with PBS and the, ■ with a^ ^ ^ ^ ^ ^ 

The liposomes were added in „ contacc 

total plasmid DMA was added per 5x10 ce ^ 
of the cells with the liposomes, the cells had 
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DMEM with 10% fetal calf serum and 2mM glutamine . The cells 
were grown in an incubator having a 5% CO : atmosphere, and at 

37°C. 

Eighteen hours after the liposomes were added to the 
cells, serum containing medium was added. Thirty -three hours 
after liposome addition, the cells were washed with PBS , 
trypsinized and serum- containing medium was added to stop the 
trypsin action, and the cells were transported on ice for 

cell cytometry. 

To determine the optimal ratio between rep protein and 
a 5' labeled AAV ITR, experiments had been conducted using a 
covalent linkage assay. The assay is dependent on three rep 
protein functions (non-covalent binding, endonuclease 
activity, and covalent binding). (Im, et al . , J. Virol . , 
Vol. 63, pgs. 3095-3114 (1989); Chiorini , etal. t J. Virol . , 
Vol. 68, pgs. 7448-7457 (1994)). Maximal covalent bond 
formation occurred when the MBP Rep 78/ITR molar ratio was 

9:1. 

Using this information, cytometry was conducted at 36 
hours post-transf ection. Cells were counted and viability 
was determined by trypan blue and propidium iodide staining. 
Greater than 95% of the cells were viable, which demonstrated 
that liposomes containing rep protein were not toxic. Cells 
expressing lacZ were detected by the use of the fluorescent 
B-galactosidase substrate fluorescein di-Beta 
galactopyranoside (FDG) and sorted into positive (+) and 
negative (-) populations. Non-viable cells were excluded 
from all % ( + ) determinations and sorting. Cytometry also 
was done to verify the purity of the sorted populations. 
This showed the sorted populations to be greater than 99% 
pure . 

The percentage of positive cells (i.e., cells which 
expressed the lacZ gene) for Hep G-2 cells treated with MBP- 
Rep 78 is given in Table I below. 

Table I 



-15- 



WO 96/15777 



PCT/US95/13190 



MPP-Rep7 8/l .25 
n Rep 78 

0.98 
0.42 
0 .26 
0 .16 
0 



,la amid DNft/svm 5 cells 



p-i romoles 
Rep 78 

8.5 

3.6 

2.3 

1.7 

0 



m^lps Rep 78/ 
moles plasmid 

34 

14 

9 
7 
0 



%l±i 

49 
43 

7 

11 
1 



The percentage of positive cells (i.e., cells which 
expressed the lacZ gene) at 36 hours post -transfect ion Jor 
HepG-2 cells treated with MBP-lacZ is given in Table 
below. 

Table II 

gffiP-lacZZiqs ^o usiagmidZS x 3 0 5 cells 
piro mo les lacZ 



jig lacZ 

1.5 
0.15 
0.015 



m oles lacZ/ 
moles p lasmid 



33 

3.3 

0.3 



132:1 
13 :1 
1:1 



0 
0 

22 



The percentage of positive cells which expressed the 
gene at 36 hours post-transfection tor HepG-2 cell 
t^ted with MBP-Rep 68- delta NTP is gxven rn Tahle III 



below. 



T ? hle III 



:11S 




( iq Rep faH- 

He>ltia NTP 



1.5 
0 .15 
0.015 



pi co mo 3 gs Rep 
co-rUOtia NTP 

14 

1.4 
0.14 



68- 

riolta NTP /moles 
plasmid 

56:1 
5-6:1 
0 .56 :1 



% ( + ) 



0.5 
35 
35 



Based on these results. MBP-Rep 78 appeared to cause 
tjasea u dose-related 
earlier expression of the lacZ gene in 

„„ nnif i r reD protein effect, because 
fashion. This was a specific rep pr 
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MBP-lacZ, a protein with no rep protein functions, had the 
opposite effect, tending to show fewer positive cells with 
increasing amounts of the protein. The MBP-Rep 78 effect 
appeared to require rep protein activities other than DNA 
binding, since MBP-Rep 68 delta NTP, a mutant rep protein 
able to bind non-covalently but not nick AAV ITRs, had the 

same effect as MBP-lacZ. 

The cells were maintained in culture for approximately 
2 months and then sent for repeat cytometric analysis. Cell 
viability remained high. The cells then were preincubated 
with chloroguine to reduce any background positivity, and 
then were stained with f luoroscein-di-Beta galactopyranoside 
(FDG) as hereinabove described. Non-viable cells were 
excluded by propidium iodide and cytometry, and the percent 
positive cells was determined for viable cells. 

The percentage of positive cells (i.e., cells which 
expressed the lacZ gene) at 2 months after trans feet ion among 
cells that were positive at 36 hours after transf ection, and 
which were treated with MBP-Rep 78, is given in Table IV 
below. 

Table IV 

MBP-ReD 78/ 1.2S UQ DNA/ 5 X 10 s cells 

uQ Rep 78 I' moles Rep 78/ 1_L+L 

moles plasmid 



0.98 34:1 10 

0 .42 
0.26 
0 .19 
0.00 

The percentage of positive cells at 2 months after 
transfection among cells that were negative at 36 hours after 
transf ection, and which were treated with MBP-Rep 78, is 
given in Table V below. 



14:1 8 

9:1 18 

7:1 13 

0 7 
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Table V 

Kmo-pp p 7B/1.25 U3 DNA/5 x 10 cells 

„a Rep 78 U moles Rep 78/ %_1±1 

mnles plasmid 



0.98 34:1 
0 .42 



80 



0.26 9:1 
0.19 7:1 



0 



14:1 53 

22 

22 

5 



0 



The results of Tables IV and V indicated a dose- 
dependent MBP-Rep 78 effect that was greatest with cells 
which originally had been negative. These cells had a high 
percentage of FDG-positive cells, and this percentage 
increased with increasing dosage of Rep 78 employed. The 
cells which had been positive at 36 hours post -transfect ion 
showed a much lower percentage of stable positive cells and 
while Rep 78 appeared to increase long term percentage of 
positive cells, there was no dose effect. 

These results indicate that MBP-Rep 78, when delivered 
via a liposome with an ITR-flanked gene, appears to augment, 
in a dose -dependent fashion, long-term transgene expression 
in cell culture. Such augmentation of expression is unlikely 
to have resulted from enhanced integration, as it is unlikely 
for an extrachromosomal element to persist in culture for two 
months without continuous positive selection pressure. From 
th e above results, rep protein delivered by liposome appears 
to have two effects in a cell: (i) enhancement of initial 



to nave cww — . c . „ 

expression of the transgene with a reduced effect on 
Integration (initially positive cells that subsequently had 



* noroi st-Mtlv positive cells); or in) 
lower levels of persistently pos 

«f initial transgene expression while 
suppression of iniciax 3 

Hnit-iallv neqative cells that 
facilitating integration (initially neg 

subsequently had high levels of long-term positive cells.). 
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Example 2 

ky vivo treatment of Hemophilia B Using an AAV vector for 

Human Factor IX 

pAvlH9FR (Figure 14, which includes an adenovirus 5' 
ITR, an RSV promoter, a tripartite leader sequence, the 5' 
untranslated region of the human Factor IX gene, a centrally 
truncated first intron, the human Factor IX coding region, 
the 3' untranslated region of the human Factor IX gene, a 
polyadenylation signal, and an adenovirus homologous 
recombination region) , is digested with Spel and BamHI to 
obtain a fragment including the human Factor IX gene and the 
above-mentioned genomic elements and polyadenylation signal. 
The fragment is blunt-ended with Klenow, and cloned into the 
ITR containing fragment of the Notl-BsmI digest of pAAVrnlacZ 
to obtain pAAVRSVF9 . (Figure 15) . 

The plasmid pAAVRSVF9 contains the gene for Human Factor 
IX under the control of the RSV promoter. There are 5' and 
3' flanking AAV ITR'e: 

5' - AAV ITR - RSV Promoter - Human Factor IX gene - Poly A - 
AAV ITR - 3' 

A patient with Hemophilia B undergoes a partial 
hepatectomy using appropriate coagulation factor support. 
The removed cells are placed into culture at 37°C. One day 
later the cells are gently washed with IX PBS followed by 
gentle rewashing with Optimem (Gibco) . The cells are covered 
with a thin layer of Optimem. DNA containing liposomes are 
added, such that there is a ratio of 1.25 micrograms of DNA 
added per 5xl0 3 cells. 

The liposomes are formed by mixing 3 microliters of 
lipid in 25 microliters of Optimem (Gibco) with 25 
microliters of an Optimem solution containing the plasmid 
pAAVRSVF9 at a concentration of 0.05 micrograms/microliter 
(yielding 1.25 /ig DNA) . The Optimem solution containing the 
plasmid was preincubated for 1/2 hour at 37°C with 1 fig of 
MBP-Rep 76. 
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Bighteen hours following the addition of the 
seru m containing medium is added to the cells. On the 
oi^owrng day the cells are put into solution using standard 
ryPsinilation technic and rein £ used into the V*^™ 
indwelling portal vein catheter placed at the time of the 
an indwell h.nateccomv The catheter is removed 

initial partial hepateccomy. 

ollowing the reinfusion of the cells. The hepat.c cells 
^ingraft and produce hu.an Factor XX, therehy a.eliorat.ng 
the patient's Factor IX deficiency. 



Example 3 

nt nf H-tttMI' 1 * b usin< 



Tn viVQ tr 

pr?rr?1 .ro-in infliB-i?n of 11 



i some s 



ncurua -i ys±a — — , 

A lipid that is stable in the presence of serum is used 
to form liposomes. The liposomes are made hy first mrxrng 
mi croliters of the lipid in 25 microliters of solution 
appropriate for formation of in vivo liposomes. Thrs 1 prd 
sflution is then mixed with 25 microliters q 

1 >>* microarams of the plasmxd pAAVRSVF9 ana 

o, n,zz^ ™ » r > ^* «« the 

"" fo Ren The solution used is one appropriate to the 

gene for Rep VB . vim 

formation of liposomes that can be 

pOfVMBPRep78 (Figure 16. is an example of a plasmxd ^t 

contains the gene for Rep 79 . P «VMBPRep78 was constructed 

as fOllOWS: a rt-iarent to the 

. • dhj the ATG sequence located ad3acenc 
Using PCR, the ai^ » h 

BcoRV site in the 5' untranslated region of pMBP rep 
changed to AGT. The oligonucleotides used m this 

the sequences: 

5 ' -ATATCAATTCACACAGGAAACG- 3 ' 

and 5 * -GTTCGAATAGATCTTCTATTGG-3 ' . aige8 ted with 

nlasmid. pMBPAGTRep78 , then was axgesce 
The resultant piasmia, v cloned into 

, * yu. t T he MBP-Rep 78 fragment then was cloi 
BcoRV and Xbal . The MB P ^ ^ 

the plasmid pCDNA , which had been open 
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The resultant plasmid, pCMVMBPRep78 (Figure 16) has the gene 
for MBP-Rep 78 under the control of the CMV promoter. 

If the MBP-Rep 78 protein is used to form the liposome, 
then the DNA and the protein are preincubated at 3 7°C in the 
Optimem solution for 1/2 hour prior to mixing with the lipid- 
Optimem mixture. The liposomes are then delivered to the 
liver of a patient with Hemophilia B using a portal vein 
catheter. The catheter is placed on the day of infusion 
using appropriate coagulation factor support. A rough 
estimation of the number of hepatocytes that the patient has 
is made given his/her body mass index, and liposomes diluted 
in sterile saline are infused such that approximately 1.2 5 
micrograms of DNA are administered per 5xl0 5 hepatocytes. The 
portal vein catheter is removed and the patient taken for 
appropriate post -surgical care. Following uptake, those 
cells stably transduced begin production of human Factor IX, 
thereby ameliorating the patient's coagulation factor 
deficiency. 

Example 4 

In vivo treatment of Hemophilia B using 
liposomes and hepatic-s elective ligands 
Liposomes are formed as described in Example 3, except 
that a hepatic selective ligand, such as asialoglycoprotein, 
is anchored in the membrane phase of the liposome. The 
ligand can be incorporated at the time of liposome formation 
using an appropriate lipid tail connected to the ligand, or 
the ligand can be incorporated following formation of the 
liposomes. In the latter case, the ligand can be attached to 
the membrane using any of a variety of standard techniques, 
including covalent chemical bond formation between the ligand 
and a membrane bound protein. The liposomes are administered 
intravenously in a patient with Hemophilia B. As the 
liposomes travel through the systemic circulation they are 
selectively taken up by hepatocytes because the ligand binds 
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to a receptor on the hepatocyte surface. This leads to 
nepatic-specific uptake and hence expression of the human 
Factor IX gene, thereby ameliorating the patient's 
coagulation deficiency. 

Example 5 

F ~ vivo t-reati 1 of Hemonhi lia A using 

r „ yprnor tSL M Farrnr VIII and 

^hfllial rr 11 fT ^-implanted u «Hnq an osmotic put 

v.,iman endothelial cpmb ^ - 

PAVAIAPH81 (Figure 17, which includes an adenoviral 5 
ITR, an albumin promoter, and ApoAl transcription initiation 
site a human Factor VIII coding sequence, and an adenovirus 

, ^inn fraoment) was digested with Sail and 
homologous recombination fragment j *«. ^ 

nomoiog Fac tor VIII fragment . The fragment 

rial to obtain an ApoAI - Factor va-lj. y 

is blunt-ended with Klenow, and then blunt cloned into 
PAAVRSVF9 . The P AAVRSVF9 plaemid is opened by digestion with 

pAAV . fh . p.ctor IX - poly A portion of 

BcoRV and Clal to remove the Factor ix p y v 

C he plasmid. The remaining fragment contains the AAV ITR . 
Z the RSV promoter. The result of the pAvALPHSl cloning 
into PAAVRSVF9 is pAAVRSVApoF. (Figure 18) . 

Bnuothelial cells are isolated from the veins of a 

, tractor VIII deficiency) ana 
patient with Hemophilia A (Factor fnrmflA as 

Lintained in culture at 37-0. Liposomes are formed as 
follows: 1.5 Mg of Plasmid pAAVRSVApoFS and 1.2 « of ■« 
ReP 78 are added to Optimem solution (Gibco) to yield a total 
, I 25 microliters. This mixture is gently triturated 
volume of 25 ~«oUt. . pollowing incubation, 

and incubated at 37 C for 1/2 
the DNA-Rep solution is mixed witn a bo 

of 3 microliters of lipid in 25 microliters of Optimem. The 
resulTant mixture is gently triturated and allowed to sit for 
1/2 hour at room temperature. 

The endothelial cells are gently washed with IX PBS and 

v- >. times with Optimem. For every 10 
then gently rewashed two times witn UP 

.ells 25 microliters of liposomes are added. The cells ar 
cells, .25 microx hours, and then serum- 

returned to a 37»C incubator for 12 hours. 
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containing medium is added. At 4 weeks following this 
procedure Factor VIII production by the cells is verified. 
The cells are put into solution by standard trypsinization 
followed by inactivation of the trypsin with serum- containing 
medium. The cells are seeded onto the inner surface of the 
tubing of an osmotic pump device and the pump is implanted 
subcutaneous ly in the forearm of the patient. The cells in 
the pump produce Human Factor VIII and this protein diffuses 
from the osmotic pump into surrounding tissues. It is then 
taken up into the patient's bloodstream, correcting the 

Factor VIII deficiency. 

The disclosure of all patents, publications, including 
published patent applications, and database entries 
referenced in this specification are specifically 
incorporated by reference in their entirety to the same 
extent as if each such individual patent, publication, and 
database entry were specifically and individually indicated 
to be incorporated by reference. 

It is to be understood, however, that the scope of the 
present invention is not to be limited to the specific 
embodiments described above. The invention may be practiced 
other than as particularly described and still be within the 
scope of the accompanying claims. 
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WHAT IS CLAIMED IS: 

1. A composition for delivering a DNA sequence encoding a 
desired polypeptide or protein to a cell comprising: 

(a) an adeno-associated virus rep protein or a nucleic 
acid sequence encoding an adeno-associated virus rep protein^ 
and (b) a genetic construct including a DNA sequence encoding 
a protein or polypeptide or genetic transcript of interest; 
a promoter controlling said DNA sequence encoding a protein 
or polypeptide or genetic transcript of interest; and a first 
adeno-associated viral ITR or portion or derivative thereof, 
and a second adeno-associated viral ITR or portion or 
derivative thereof, said first and second adeno-associated 
viral ITRs flanking said DNA sequence encoding a protein or 
polypeptide or genetic transcript of interest and said 
promoter controlling said DNA sequence encoding a protein or 
polypeptide or genetic transcript of interest. 

2 . The composition of Claim 1 wherein said adeno-associated 
virus rep protein, is selected from the group consisting of 
Rep 78, Rep 68, Rep 52, Rep 40, and fragments or derivatives 
thereof . 

3 The composition of Claim 2 wherein said adeno-associated 
virus Rep protein is the Rep 78 protein or a fragment or 




4. The composition of Claim l wherein said protein or 

eptide of interest is a therapeutic agent. 
5 The composition of Claim 1. and further comprising an 
encapsulating medium containing said adeno-associated virus 
rep protein or DNA encoding an adeno-associated virus rep 
protein, and said genetic construct. 

6 . The composition of Claim 5 wherein said encapsulating 
medium is a liposome. 

7 the composition of Claim 6 wherein said liposome further 
contains a ligand specific for a desired target cell, tissue, 
or organ. 
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8. Bukaryotic cells transfected with the genetic construct 
contained in the composition of Claim 4. 

9. A method of effecting a gene therapy treatment in a host 
comprising: 

administering to a host in vivo the composition of Claim 
4 in an amount effective to produce a therapeutic effect in 
said host. 

10. A method of effecting a gene therapy treatment in a 

host, comprising: 

administering to a host the eukaryotic cells of Claim 8, 
said eukaryotic cells being administered in an amount 
effective to produce a therapeutic effect in said host. 
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